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CHAPTER 6. OCCUPATIONAL EXPOSURES

This chapter presents data on occupational exposures from
several sources. Data from compliance samples obtained by
MSHA inspectors are presented in table 6-1 for coal mine dust
and silica dust, and in tables 6-2 through 6-6 for metal fumes.
Since these samples were taken for compliance monitoring
rather than as part of asurvey of the industry, it isdifficult to
predict how well they indicate actual exposures for all mining
operations.

In the coal industry, 7.8% of all respirabledust samplesduring
1986-1995 were above the permissible exposurelimit (PEL). Of
silicadust samples obtained during the 10-year period, 23.7%
were above the PEL in coal, 16% in metal, 10.8% in nonmetal,
9.1% in stone, and 7.6% in sand and gravel. Of metal fume
samples, silver samples showed the largest percentage above
the PEL—approximately 48% of samples in both metal and
nonmetal.

Tables 6-7 and 6-8 present data on noise exposures from the
MSHA “dual threshold” survey, which was published in the
Federal Register [61 Fed. Reg. 66347 (1996)] as part of a
proposed rule change for occupational noise exposure in
mining. This study examined a group of samples obtained

during 1991-1995 and compared the percent of samples that
were above two separate specified limits. The first limit was
thecurrent noisestandard, atime-weighted averageof 90dBA,
calculated to include only exposures at 90 dBA and above.
The second limit was a time-weighted average of 85 dBA,
calculated to include exposures at 80 dBA and above.

Tables 6-8 and 6-9 refer to musculoskeletal overload
conditions examined in the National Occupational Health
Survey of Mining (NOHSM) [NIOSH 1996]. Table 6-8 shows
the operational definitionsfor each condition; table 6-9 shows
the percentage of the workforce potentially exposed, by
commodity. Across all commodities, a large proportion of
workers were exposed to musculoskeletal overloads due to
positioning of the neck and back; positioning and motion of
the forearms, arms, and shoulders; heavy lifting; and
positioning and movement of the lower limbs.

Therecorded overloadsweredefinedinthesurvey and did not
exceed any NIOSH, MSHA, or OSHA guidelines for
muscul oskel etal overloads. Further informationonthissurvey
appearsin appendix A.

Table 6-1.—Dust samples, 1986-1995. Number of samples, number and percent under
permissible exposure limit (PEL), number and percent 1-2 times PEL,
and number and percent 2 or more times PEL.

Sample type ' San;r;'t:s! Samples under PEL Samples » PEL and <2 = PEL Samples =2 « PCL

i Me i M. £ M. g
Coai respirable dust " 194,682 178,554 922 11,731 g.2 a.3av 1.7
Caal silica dus_t 45024 ._,'1'.F.:_4.34 753 7,215 _ ___14.? 4,387 .0
Metal silica dust 9044 T.983 - .84.[!- BTE 9.7 i B7E G4
Mermetal silica dust 10,347 B, 230 Fa.2 GBS 6.4 444 43
Stone silica dust 45 508 41,453 954 2435 ) 1,70 3z
Ssgtd and gravel silica 34 924 32275 924 1,487 473 1,162 3.3

Source: Mine Safety and Health Administration data.




Table 6-2.—Metal industry: metal fume samples, 1986-1995. Number of samples, number
and percent under permissible exposure limit (PEL), number and percent 1-2 times

PEL, and number and percent 2 or more times PEL.

Fume type i' 5an1_{?lteasl Samples < FEL Samﬂ%s :FEEELL ardl Samples =2 » PEL
Mumber | Percent Mumnber | Percent
Aluminur oxide TR TS 8e.7 n.o 2 0.3
Argenic a7ie 374 1000 o 0.0 n o.C
Berylliﬁm 465 464 o9 8 1 0.2 0 Y
Cadmium oxide 485 494 39 & o| oo 1 o2 |
Chromic acidichromate 444 410 g4 .4 15 34 10 2.3
Cobalt 483 481 986 a 3.0 2 0.4
Coppe- 858 B12 g4 5 16 1.9 KIH A5
Fluaride 4 4 160.0 a 0.5 ( 0.0
Iran oxide 1.038 1.008 57.1 13 1.3 17 15
b ead ar 7&7 g5.0 22 2B 18 23
Magnesium oxide 43 743 1coa 1] 0.0 8] a.n
Manganass 783 783 100.0 1] 0.0 o 0.0
Mercury 156 137 | 878 10 54 5 57
Moalykdenum 453 452 29,8 1 0.2 n 0.0
Nickel 559 559 100.0 4] 0.0 0 2.0
Silver 248 129 52.0 25 101 G ar .8
Titanidm digside B02 501 a%.a 1 0.z a 2.0
Vanadium £12 11 9.8 1 0.2 2.0
Zinc axide 698 BST 3.5 1 0. o 0.0

Source: Mine Safety and Health Administration data.



Table 6-3.—Nonmetal industry: metal fume samples, 1986-1995. Number of samples,

number and percent under permissible exposure limit (PEL), number and percent
1-2 times PEL, and number and percent 2 or more times PEL.
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Fume type Totai Samples < PEL Saerl'EE:-cleEsrPEEEIl_ Samples = 2 « PEL
Murrker | Percent Mumber | Parcent Wumier | Percent
Aruminum oxide 2,460 2454 bad 2 01 4 0.2
Argenic 1,309 1,359 100.0 a 0.0 n g.a
Beryllium 1,550 1,547 go.g8 3 0.2 n G.0
Cadmum oxde 1513 1512 999 1 0.1 o co |
Chramis asidchromate 1.467 1,297 88.4 £5 4.4 105 72
Cobalt 1.608 1,607 9099 2 .1 i 0.0
Copper 2453 2378 964 29 1.2 45 18
Iron axide 3220 3148 97.8 39 1.2 33 1.0
Lead 1,041 1,888 978 25 13 18 0.9
WMagnes.um oxide 2,555 2.555 1400 H a0 o 0.0
Manganese 2,824 2781 97.3 40 14 2:'3- 0.8
Mareury 113 g4 832 10 28 ] B.0
Malybdenurm 1,832 1.531 S8 1 DA o 0.0
Micke! 1874 1467 496 4 0.2 3 0.2
Silvar 249 130 522 25 10.0 o 378
Tin oxice 3 3 100.0 8] 0.0 0 0.0
Titarwum dioxide 2.182 2,181 1003 1 Q.o 0 0.0
wanadium 1,503 1,550 rLel) 0.z n na
Zing oxide 2.00% 2,057 Be.9 0.+ 0 0.0

Source. Mine Safety and Health Administration data.



Table 6-4.—Stone industry: metal fume samples, 1986-1995. Number of samples, number
and percent under permissible exposure limit (PEL), number and percent 1-2 times PEL,
and number and percent 2 or more times PEL.

Fuma {ypa san'lTﬁte%s! Samplez < PEL Sampéeg 2 FPEII_' and Samples = 2 = PEL

Mumber | Percent Mumber | Percend Number | Percent
Aluminuem exide 1,164 1,162 e0.a 1 01 1 0.1
Arsenic 538 236 1000 1] 0.0 8] 0.0
Beryllium B tala] 100.0 n R a 0.0
Cagnrium oxide 815 G518 100.0 1] 0.0 a 090
Chromic acid/shromate T85 G&Y Bis 44 5.5 a4 0.6
Cobalt 704 T4 1004 1 0.0 o' 0.0
Capper 1065 | 1.044 '98.0 e o8 12 e
Iron puide 1,512 1478 o7.g 20 1.3 14 049
Lead 708 705 99.6 3| o4 0.0
Magnesium oxide B 1254 1,264 1000 0.0 a c.o
Manganese 1424 1,367 95.0 3T 26 20 1.4
hereury i} G 100,03 Q 0.0 o 0.0
Muolybdenum B4 663 9.8 1 0.2 8] 0.0
Mickel a87 861 9.4 3 0.3 2 0.3
Silver 1 1 1000 a IR Q 0.0
Tin uxide 3 3 1000 0 04 0 0.0
Titanium dioxide 1,085 1.084 954 1 01 O 0.0
Wanadium 111 &85 097 2 0.3 4] 0.0
Zing ouwida S50 94A g9 8 2 0z 1] 4.0

Source: Mire Safety and Health Administration data.




Table 6-5.—Sand and gravel industry: metal fume samples, 1986-1995. Number of samples,
number and percent under permissile exposure limit (PEL), number and percent 1-2 times
PEL, and number and percent 2 or more times PEL.

Fume type sgr;rgi}!a&! Sarnples < PEL Sampief : EEII_- and Samples = 2 = PEL
Mumber | Percanl Number | Percent

Alurminum 345 L] 100.0 o aq Ly ¢.0
[ Arsenic 240 240 1000 o oo 2| oo
Beryllivm 254 252 4932 2 08 1] HlH
Cadmiurn axide 250 250 100.0 O 0.0 0 o
Chromic sodichremate 144 138 24,4 3 2.1 5 ak
Cobalt ci4 264 100.0 0 0.0 0 00
Copper 325 322 G 1 prs 0.6 1 0.3
Iran exide 432 427 428 3 0.7 2 0.5
Lead 271 271 1000 1 0.0 0 ad
Magnesirm oxide 333 a3m 100.8 a 0.a a 0o
Mangansse 387 386 98 T . C.3 a 0.0
Mercury 2 2 100.0 a A1) a 0o
M alybdanum 247 247 100.0 0 0.0 a 0.0
Mickel 1 280 280 100.0 1] 0. 2 0.0
Titanium digxide 321 3 100.0 ] o ] 0.0
Wanadium 250 250 100.0 a o.C o 0.0
Zinc oxide 303 3 100.0 0 0o 0 0.0

Source: Mine Safety and Health Administraticn data.
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Table 6-6.—Coal industry: MSHA “dual-threshold” study, 1991-1995. Number of samples by occupation,
percent of samples over 90 dBA based on 90-dBA threshold for time-weighted average, and percent
of samples over 85 dBA based on 80-dBA threshold for time-weighted average.

Secupatien "o e SRS
"‘E'%“‘%“fﬂ&’ﬁﬁa% baved | e “J%%?&"E LS
Continuous miner helper L 33B agz
Contirvous miner aperator 262 48.8 SIEE
Rool balter operator [single} . 2.34 21.8 45 .5
Roof bolter operatar (twin) | a2 1.5 . gBE. 9
Shuttle car operator 60 13.5 8h
Scoop car operator g4 18.1 ) ) 745
Cuthing rmaching operator 22 6.4 Bl6
Hewudgate operator ol 20 4co 100.0
Langwall aparator k- G 100.'0
Jack sattar flongwall) 25 a2a 68_[]_
Cleaning plant operator 107 3c.4 . 6
Bulldozer operatar 235 4849 4.2
Front-end loader operator 244 1e.0 o T8.6
Highwall drill operator B3 21.7 T
Refuse/backdll thuck drivar 15 13E 744
Coal fruck driver 28 17.8 G4.3
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Table 6-7.—Metal/nonmetal industry: MSHA “dual-threshold” study, 1991-1994. Number of samples by

occupation, percent of samples over 90 dBA based on 90-dBA threshold for time-weighted average,

and percent of samples over 85 dBA based on 80-dBA threshold for time-weighted average.

Otupation Murnber of gamplas | % of sanples cver 90 dBA % of samplas cwar BS ABA
with time-weighted a'.lera-qe with 1|rm_-wa|_ bilad average
hased g1 A0-98A 1hrashold based on S0-dBA threshold

Front-end Iéadar cparator 12,812 1248 Gr T

Truck drivar ) Cazie| 13.1 737

Crusher operator 8,357 1.8 851

Bulldczer operator 1,240 GL.F ' A5.5

Eagger 1,308 10.2 G384

Eizingr-waéhing plant operatar 1,245 i 13.2 7

_Dfaagamarge atlendant 1.12'4- - 272 TR

Clean-up person 927 163 71.3

Dy sereen operator BT 1.7 _ LY.G

LHilily worker Bad 12 4_ _ BO.E

fechanic 761 38 435

Supervisarstadminisi ratore T30 an 322

L aborer o 42 17 B5.7

Crraglire aperats SE3 ELRY BLS

Backhoe aperator 546 B ) 526

Dryerkin operator 57 10.4 955

Rotary dri | sperator [electichydraulic] 543 396 231

Rotary drill operator (preumatic} i 459 G4 4 29.0




Table 6-8.—Operational definitions for musculoskeletal overload conditions in the National

Occupational Health Survey of Mining (NOHSM).

Awkward lifting

Lifting above head leved, or lifting while twisting, ar lifting whila
reaching excessively.

Heavy liffing

Lifting greater than 50 b unaided.

Frequent lifting

Lifting an abject heavier than 25 |b, 5 or more tirmes per minute.

Fingers and hands

Forceful finger acticns {exc?pt, grasping with the whole hand),
gjraspln with wet or poorly fitting gloves, tool handles that end in
e cenfral part of the paim.

Wrist movement

Forceful movements or finger mampulations with wnst bent, using
repeated wrist motions, or clothes-wringing motion.

Farearms, arms, and
shoulders

Elbows unsupported and/or abducted, or forearms resting on sharp
edglas: or working with hands above,the shoulders, ar tossing
mations at extrernes of range of motion.

Neck and/or back

Bent forward, or bent 1o the side, or hyperexiended, or twisted neck
and back.

Lower limb movement

wneeling, or squatting (hearing the body weight on the knee, flexed
1o an acute angle}, or crawling on hands and knees.

Sitting Sitting in a cramped pasition, or with feet dangling, or without |ow
back support, or in a seat tilted forward or to one side.
Standing Standing without mevement for 4 or more min or aperating foot

pedals while standing, or standing in a restricted space for 2 hr ar
mare without sitting or leaning.

Prone or supine

Lying flat gn back. gr lying on abdomen. or Imng an ong side
sUpportad by ane hip and one sheoulder or elbow.
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Table 6-9.—Percent of workers potentially exposed to musculoskeletal overload conditions by condition
and commodity, National Occupational Health Survey of Mining (NOHSM), 1984-1989.

Percentage of workforce potentially exposed
gﬂviifgégségéeéﬁlilﬂn Coal Metal Nonmetal Stone S%r}gvaér?d
Awkward lifting 22 29 16 17 19
Heavy lifting 41 37 24 30 21
Frequent lifting 9 3 B B 5
Fingers and hands 24 L 24 14 12
Wrist movement 21 29 16 12 11
ggtr‘esaﬁgl jag{gws, 44 38 30 25 23
Meck and/or back 42 50 39 34 30
II;_I%EH gr:‘? 31 26 15 16 13
Sitting 18 10 8 8 11
Standing <1 2 3 1 4
Prone or suping 10 5 5 4
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